NASA TECHNICAL TRANSLATION ' NASA TT F-16,090

UTILIZATION OF SOLAR ENERGY

I. Oshida

Translation of "Talwo enerugil no riyo,":Kagaku,
Vol. 43, No. 11, Nov. 1973, pp. 658-663

(NASA~TI=F~16090) UTILIZATIGN OF SOLAR §75-13382
'ENERGY (Kanner (Leo) Associatesg) ‘ _
: ; : .. 1CA
: ! R Juclas
: i , G3/44 049Uy

————— e e .

T e S
I*  REPRODUCED By B

|1 NATIONAL TECHHICAI.
| INFORMATION SERVICE

U. 5. DEPARTMENT oF
ti.__ ___SPRINGFIELD, va, Ot ERCE

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D.C. 20546 DECEMBER 1974



5.

6.

7.

REFERENCES

For example, the "Minna no kagaku" [Sclence for Everybody]
column in the March 21, 1973 issue of Asahl Shimbun.

Oshida, T., "Step lenses and step prisms for utilization of

solar energy," Proceedings of the United Natlons Conference

Oshida, I., Taiyo enerugli [Solar Energy), Nikkan Kogyo
Shimbun Sha, 1958. Now out of print.

Refer to [3]. I expressed this viewpolnt recently in my
lecture "On the utilization of solar energy" given at the
symposium called "The present and future of the energy
questlion -- A symposlum concerning new forms of energy
and savings of energy (June 14, 1973)," jointly sponsored
by the Speclal Committee on Industry and Popular Livellhood
of the Science Council of Japan (Chairman, Yoichird Mashiko)
and the SafetyiiEngineering, Research and Construction
Committee. I understand that the contents of the lectures
given on that dayiare scheduled to be published in a book
form. An outline of the lecture was reported in Kagaku
Shimbun [Science Newspaper], June 22, 1973 issue.

Takahashi, H., and Suita, T. (ed.), Enerugii henkan ron
[THeory«6f Energy Converslon], Chapter 1, Ratisu, 19064.

Woodall, J.M., "High efficiency Gaj.y AlyxAs-GaAs solar cells,"
Appl. Phys. Letters 21(8), 379 %1972). Frontier Science
(organ of the Energy Conversion Council).

Scheduled for publication in Kagaku to Kogyo [Chemistry and
Chemical Industry]. (érgan of the Chemlcal Socilety of
Japan).

21



This article may haveebeen written in excessively subdued
terms. If the reader is given a pessimistic Impression as a
result, such was not the intention of the writer. We researchers
stud¥ing the utilization of sclar energy may on the one hand
constantly cherish vast dreams, but we must stride forward with
our feet on the'ground, and each step we take must be certain
and reliable. I think that our many predecessors have done
precisely this during the longuhistory thus far, I have written
this article 1n this way 1in order to help the reader understand
this.
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batferies and other structural contrivances, advances in the
theory of physical properties of semiconductors and in materlals,
and advances in manufacturing techniques?

Theeéffdedency of solar battéries is nat theik only desirable
feature. Other desirable polnts are their stability, which 1is
attributable to the fact that they are solids, and the fact that
only a surface layer of several micrémeters is sufficient from
the functional standpoint. In connection with the latter point,
solar batteries in sheet (thin film) form are entirely
. egoncelvable.

The processes which occur in the PN Juneglons of semlconduc-
tors are, of course, quantum processes. However, there is
another important quantum process, the photochemical process.

It is precisely this process, operating as photosynthesis in
plants, which has been supporting life on Earth for hundreds of
millions of years in the past. That is, it is it which is
currently converting rays of sunlight into chemical energy on the
most immense scale.

I intend to discuss elsewhere the conversion of solar energy
into chemical energy [7], and I have now almost reached the 1imit
of the space scheduled for this article. Conséquentlﬁg I will
omit the detalls here. However, the final goal of researchers
studying the utilization of solar energy #s to decompose water,
which 1s abundantly available, florexample by means of the photo-
chemical action of rays of sunlight, to extract hydrogen, and to
use 1t as a fuel, or else to use it as a secondary energy source
via the medium of hydrogen-oxygen fuel cells. It 1s their hope
to solve in this way the entire problem of energy and resources.
This would be possible even today 1f solar bhatteries were used,
but unforsunately 1t cannot be said to be practical.

19



impetus ought to be given to research in photeelectrical trans-
formations in the broad sense. The solar battery is something
which everyone knows about in this aréa. The successes achleved
here are nothing but the achievéments of advancéd research con-
cerning the physical propebrties of semiconductors. In April

1954, the specialists at the Bell Telephone Laboratory announced
solar bhatteries using PN junctions of silicon with an energy con-
version efficiency of 6%. After that time, sclar batteries were
put into actual application in a certain sense. Even those cur-
rently avallable on the market have now improved thelr performance
properties untill they have an efficiency of approximately 11%.
Naturally, they are inevitable costly because they are made from
single crystals with a high degree of purity, and it is sald that,
1f one were to use solar batteries to generate electricity on

the Earth, the cost would be about ¥30,000-¥40,000 per watt, In-
cluding the costs of the storage battery equipment as well.

Under these conditions, solar power stations are not economically
feasible now. However, one may say that they have already entered
the realm of practical application in fields where cost does not
matter, for instance as power sources forispace rockets, unmanned
lighthouses, or radio relaying stations.

Last year, the delightful news was announced that IBM
speciilists had succeeded in manufacturling solar batteries with a
conversion efficiency of 18% using chiefly potassium arsenide[6].
The work is still at the laboratory level. There probably would
still be many problems 1f it were put into mass production, but
at any rate this 1s dellightful news. At the Paris conference,
the prediction was made that the efficiency of solar batterles
would reach 20% within a few years from now.

An efficlency of 20% is quite a;godd efficiency. However,
this is st111 much lower than the efficliency which is attainable
theofétically. May we not expect even further improvements in
the efficlency thanks to the development of laminated solar
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this approach is the most practical method suitable for a transi-
tionuperiod such as the present.

Now the time has come to discuss the utilization of solar
energy as light. As was alréady mentioned, utilization as light
is superior in principle (from the standpoint of physics) to
methods of using i1t as heat. One may also say that it is more
difficult as a result. This difficulty is closely connected with
the high entropy, which was already mentioned.

In order to utilize the energy of light, it is necessary to
convert it into some other type of energy, except 1n cases when
the light 1s to be used as light (for example, use for daylight
illumination, as in the table). Mr. Hidetoshl Takahashi once
polnted out an important thing concerning the conversion of light
energy [5]. He saild that the conversion of light energy into
ancther type of energy can be characterizedsas a "quantum con-
version." When other types of energy are converted, this assumes
the form of conversions of the physicalmgumacroscopic parameters.
However, in the case of light, he says, the process of conversion
is strictly a quantum process whleh is not mediated by any
macroscoplce parameters. Thils 1s an extremely important point in
the utilization of sclar energy.

This is so because quantum processes belong generally to the
region of modern physics, which is a branch of sclences which is
still developing at the present time. TFor thils reason, we can
still have hope for the future. At the same time, we must know
that the fufure of the utilization of solar energy will be gov-
erned by the state of development of purely scilentific research,
and that even at the preseht time, research in thewvutilization of
solar energy is not simply applied research.

It 1s desirable to convert light 1nto the electricéaill ienergy
which has the highest possible value, Consequently, primary

1.
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elean atmosphere, and in certain respects this cannct be called
utilization of solar energy itself. In Francé;,which has the
world's largest scolar furnace, résearch is being done concerning
the use of these high témpératurés to fix the nitrogen 1n the air
or to decompose steam. If thls research 1s successful, 1t will
mean success in the utilizatlion of energy.

Thus, we can see that the utllizatleon of solar energy as
heat, generally speaking, has gradually been put into actual
application from the low temperatures towards the high 1:empera’(:.l.lr*c—z's)..J
At the present #ime, we have reached the stage of putting solar
water heaters into actual application, and I expect that the next
move will be towards putting solar heating into practical applica-
tion. 1In actual fact, this tendency has alreddy manifested
itself. There have been more and more studies and papers about
solar heating, and it was possible to sense this also at the
Paris conference.

Here let us once again turn our thoughts to the totalépicture
of utilization of solar energy. As I already mentloned, it is not
desirable to transform it into the form of heat except 1in cases
where the utilization of heat is the final form of energy. In
particular, when 1t has been converted into low-temperature heat,
it becomes impossible to convert it efficiently into another form
of energy.

The use of solar energy as heat naturally has great signifi-
cance. However, its greatest slgnificance is the fact that it
makes 1t possible to economize the other sources of energy and to
reduce environmental pollution. In this sense, it ought to be
promoted more and more in the future. Rather than thinking
merely interms of solar heat alone, one ought to explore combina-
tions with fossll fuels and incorporate methods of automatic
controls which have developed recently in order mowve towards
reductlions of the consumption of fossil fuels. One mayusay that
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cf a thermal engine using fuels except for the fact that this
steel pipe plays the role of the boiler in an ordinary thermal
engine. The thermal efficiency of solar englnes of this type 1s
approximately 15%.

As 1s clear from the table, many of the items llsted under
utilization as heat, especially those at low temperatures, have
alreddy been put into actual operation. Among the uses at low
temperatures, almost all of those in the top half of the list are
alreddy in use at the present tlme and are providing many benefits.
(One exception would be the use of sunlight for manufacturing salt,
which has been replaced by the method using ilon-exchange resin
diaphragms).

Thus, the fact that these uses of sunlight as low-temperature
heat have been successful 1s based on the properties of the solar
energy itself, especlally 1ts high dilution and its high entropy,
which we have alreddy mentloned. It 1s only natural that this
shouldrbe so.

Solar water heaters have already been placed on sale on the
market, and in Japan more than 2 million of them have goné into
use. Thus, one may say that they have already entered the stage
of actual applicatiohs. Some readers may find it strange that I
have included sclar air-conditioning amoéong the high-temperature
uses. However, in order to use solar heat for cooling purpocses,
one must elther heat an absorption type refrigerating machine (one
which has the same principles of operation as those used in a gas
refrigerator) or operate an ordinary refrigerating machine with a
solar engine. In elther case, high temperatures are necessary.
(Of course, other methods are possible. For instance, one can
generateselectricity by means of solar batteries and operate the
refrigerating machine with this electric power.) Solar furnaces
are already being used in actual applications, but this is because
they can obtain high temperatures (3000-3500°C) easily &ndain a
@l
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1id (double 1lids are considered to be desirable). It utilizes
the hothouse effect (slnce glass admits Incoming visible rays but
interrupts heat rays going out from the inside, the temperature
on the inside will rise).

For utiligzation at high temperatures, it will be necessary
to have condensing devices using lenses or concave mirrors as
well as'trackling devices which keep the former devices pointing
constantly towards the Sun. Here the problem suddenly becomes a
difficult one, because when rays of sunlight are utllized on a
large area, much attentlon comes to be focused on the question of
materlials, and consequently on the questlon of cost. The rays of
sunlight themsleves are free, but the equipment & ut&lize them
costs something, and the balance between thése two elements
governs whether the utilization fof solar energy is practical or
not. In actual fact, there are even some researchers who bhelleve
that any type of equipment which requires tracking devices cannot
be used practically as equipment utilizing solar energy. My own
opinion is not as extreme as this. It believe that there is still
room for research in simple, inexpensive tracklng devices which
would not require the entire equipment azs a whole to be moved.

In the table, the items listed in the column for "utilization
as heat" are arranged more or less according to the temperature,
from the lower towards the higher temperatures. The efficiency
also declines more or less in this sequence. For example, the
efficiency of solar heat distilling apparatus differs depending on
thetsypewdfithe apparatus but goes as high as 60-70%. The
efficiency of solar water heaters is about 50% in those with an
area of about 2 m2, consisting of several cylindrical containers
lined up in a row, which are frequently seen In Japan. There
are also various types of solar engines. A steel pipe 1is passed
through the caustic curve part of a parabolic mirror,and a special
liquid (for example, diphenyl chloride) inside this pipe is
heated. In other words, thé principle 1s exactly the same as that

14
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TABLE 1. FORMS OF UTILIZATION OF SOLAR ENERGY

Promoting melting of snow

Use of sunlight for manufac-
turing salt

Vinylachemicals
Utilization at low

temperatures (100°C Hothouses
or less) Drying
Distlllation of water
Utlliza- Solar water heaters
tion as
heat , 7 Solar heating

Solar heat rice cookers

Utilization at high Solar engines
temperatures (more s s s
than 100°C) Solar air-conditiconing

Solar furnaces

Daylight illumination

Utiliza-
tion as Solar batteries
light Photochemical reactions

Consequently, utilization as heat is not inferior to utiliza-
tion as light. The utilization of solar energy is often referred
to commonly as "utilization of solar heat." This indicates that
thermal utilization may be regarded as being more successful.

Let us use the boillng point of water as the dividing line
in our discussion of utilization as heat. It is conveniént to
consider the temperatures below this as utillzation at low tempera-
tures, and to conslder the higher temperatures separately as
utillization at high temperatures. The former temperatures are those
which can be attained comparatively easlly with simple, stationary
type equipment, such as flat plate heat collectors or hot boxes.
A hot box 1s a box painted black on the inside which has a glass
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wavelength of about 2.5 um. Expressed in terms of mus#é, thils

would equal more than three octaves. One can gather that 1t
would be no simple matter to devises equlpment capable of effi-
cient conversion for any wavelength within such a broad range.

In the preceding I have described the three essentlal factors
which make it difficult to utilize solar energy. It 1s entirely
because of these difficulties that, even though research in the
direct utilization of solar energy has a history of more thah
200 years, in almost every case it has not yet entered the stage
of actual application. Today when public attention has shifted
towards solar energy, if I wanted to I would be capable of
writing any amount of encouraging things about it, but 1t seems to
me that this would not really be conscientious on my part. There-
fore, I have begun by speaklng seriously of the difficulties in
order to enable the reader to understand the essence of the matter.

Current Status and Future

One must remember clearly that research on the utilization of
solar energy has been precisely a struggle with these three dif-
ficulties. In Table 1 I have summarlzed the various formsuof
utilization of solar energy which are currently belng practiced
or studied. Let me now give some explanation of thilis table.

The utilization of solar energy can be divided up into two
main types: wutilization in the form of light or after converting
the light directly into another type of energy, and utilization
after converting it into the form of heat. It said above that
heat 1s the lowest form of energy. This i1s true only from the
viewpolnt of physics and thermodynamics, but it does not neces-
sarlly apply from the engineering standpoint, which consilders
mainly the final form of energy utilizatlon. ©Needless to say, heat
is the highest form of energy for us when we want heat, for exam-
ple, when we want to warm up when we are very cold.
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only partially possible. This fact indicates that heat 1s the
final form of energy and is, so to speak, the least valuable
type of energy.

The values of thé other types of enérgy besides heat can
also be compared on thls basis. Let us suppose that we have two
types of energy, A and B, If A can be converted relatively
easily into B but the opposite conversion cannot be made as
easlly, A will be an energy with a higher value than B.

In this sense, electrical energy flowing through a conductor
1s probably the highest quality of energy. On the other hand,
energy in the form of electromagnetic waves tends to be converted
easlly into heat and cannot be called good-quality energy. This
is especially true of electromagnetic waves with long wavelengths.
They will turn into heat after merely being absorbed into matter,
and it 1s not easy to conveft them into energy other than heat,
and especlally to eonvert them with a high efficiency.

Although the term "high entropy™" is a word coined by the
writer, I wlll have to use 1t because I can hardly find any other
term to express propertles of this type. Speclallsts are familliar,
at least intultively, with thesepproperties of rays of sunlight,
but it is not easy to explain it to ordinary readers who are not
specialists. However, I will have attained my purposes if the
reader is able to grasp a vague sense of this sort of difficulty
from this explanation.

The high entropy also includes the fact that the rays of
sunlight do not have a uniform wavelength. If rays of sunlight
were electromagnetlc waves consisting of a single wavelength --
that 1is, if they were monochromatic light -~ it would have been
much easier to utilize them. Unfortunately, the wavelengthsisof
rays of sunlight have a broad dlstrlbution ranging from ultraviolet
rays with a wavelength of about 0.3 pm to infrared rays with a
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sunny weather, 1{ will be necéssary to store up at all times
energy equivalent to:

36 kWh x 3/84 x 10 = 270 kWh = 240,000 kcal

Eowever, it 1s no exaggeration to say that at the present
time there 1s no method for effif¢dently storing up large amounts
of energy. It is entirely Iimpossible to store it up in the form
of light rays, and extremely large amounts of matter will be
necessary if we are to store it up in the form of heat. Various
types of heat storing materials are being considered, but they
must fulfill certain conditions. That is, they must be present
in large quantities, they must be cheap, and they must have no
toxicity. Furthermore, heat 1s a form of energy which escapes
very easily.

It would be most desirable to store it up 1in the form of
electrical energy. However, storage batteries are quite heavy and
store up only small amounts of electricity (a storage battery
welghing about 40 kg 1s necessary to store up 1 kWh of electrici-
ty). For this reason, the guestion of energy storage is indissolub-
ly connected with the utilization of solar energy, and the cause
of this 1s based on the intermittent nature of solar energy.

(3) High Entropy

This is the most difficult to explain, but at the same time
it #&% the most essentlal 1tem expressing the difficultiess of
utilizing solar energy. According to the Second Law of Thermo-
dynamlcs, once energy has been converted into heat, it is impos-
gible to convert it 100% into another type of energy. All types /661
of energy can be converted easily into the form of heat, but
once they have turned into heat 1t 1s not an easy matter to con-
vert them into some other formusof energy, and such a conversion is

10



(2) Intermittent Nature

One of the qualifications for a modern energy source is that
it must be constant. That is, it must be able to supply energy
at a constant raté at all timés, regardlegss of the timé of day
or the season of the year. However, scolar energy has fluctuations
depending on the time (day and night), fluctuatlons depending on
the season (summery and winter), and fluctuations depending on
the weather (sunny and cloudy). Thus, in its present form it
cannot be a modern energy source.

Thus, it is necessary to combine it with equipment which will
accumulate the energy in some way or another and whlch will enable
1t to satlsfy the requirement of constancy as an energy source, by
storing up the energy when conditions are advantageous (summer,
daytime, sunny weather) and releasing the stored energy when con-
ditlons are disadvantageous (nighttime, cloudy weather, winter).
For this purpose, it is necessary to store up large amounts of
energy by some method or another. Even if we give up, for the time
being, the idea of storing up summer sunlight until the winter,
when we recall that cloudy weather sometimes lasts for as long as
periods of 10 days, it will be necessary to store up very large
amounts of energy.

For example, let us suppose that 3 kW is the amount of elec-~
tric power necessary (constantly) for taking care of one dwelling
by means of the electricity generated from rays of sunlight. This
amouhts to 72 kWh per day. If the time band whileh can be
utilized for generation is 6 hours per day, it will be necessary
to generate 38 kWh during the daytime in order to provide for the
nighttime. Since 1 kWh is 860 kcal, i1t will be necessary to store
up about 30,000%xkcal of energy 1n some form or another. If we
consider that cloudy weather may continue for as long as 10 days,
and 1f we suppose that the amount of electricity generated during
cloudy weather 1s about one-fourth the amount generated during



directly facing the sun (that is, at right angles to the rays of
sunlight) during the daytime on a very clear day.

Rather than thils, I propose that we think of the total amount
of solar energy coming to the Earth divided by the total surface
area of the globe, which Is 5.1 x 101_u mz. In this case, the
figure will be no more than about 160 W per m. However, this
figure may be considered to be the amount of solar energy received
by the horizontal plane of the Earth's surface averaged out for
day and night, summer and winter, clear and cloudy weather, and g
tropics and friglid zones. Such a figure 1s qgulte sultable as the
baslis on which to consider the utilization of solar energy. This
is s0 because it 1s a guite sultable figure for those cases in
which statilonary type equipment, which ought to be the chief type
of equipment used when utilizing solar energy, as well be men-
tioned later, especilally large-area equipment which is unable to
track the Sun, 1s to be used all year rcunddin one place. The
number is only about one-sixth of that in cases when the direct
rays of the Sun are received on a surface perpendicular to them.

Energy of 160 W/m® 1s quite diluted energy. However, it is
only natural that this should be so, for 1f this number were any
greater the globe would turn into a fiery inférno. On the other
hand, it presents technically difficult problems when the Sun is
to be used as a sounce of energy. If there were a method of con-
verting 10% of the solar energy rellably Into electric power,
the equipment necessary for generating 10,000,000 kW of electricity
would have a large area amounting to:

100 x 10° x 103 + 160 = 6 x 108 w? = 600 Kn®
Since I will return to this question once again later on, I shall

not go into 1t further here.



(1) High Dilution

The total amount of energy which comes to the Earth from
the Sun is vast. However, since almost all of it 1s distributed
over the entire surface of the globe, the amount per unit of area
is small. That i1s, one must say that it is a diluted energy.
I once expressed this by saying that "solar energy is the
'low-grade ore' of energy" [1].

About half of the solar energy which comes to the Earth 1s
lost by scattering and absorptlon by the atmosphere or the clouds.
Nevertheless, the remaining energy, amounting to about
6 x 1020 kcal, reaches the Earthdssurface every year. Only about
1/100,000 of this is converted into potential energy for precipi-
tation or the growingoof animal and plant 1life and 1s finally
utilized by man as yilelds from agriculture, forestry, or fish-
eries or as hydroelectricity.

Humanlty uses coal, petroleum, and natural gas as ifs so-
called fossil fuels. However, there is a theory that even these
are accumulatlons of solar energy of the past. However, here let
us consilder them separately. The annual consumption of fossil
fuels for the year 1970 1is estimated as equalling about 7,
7,300,000,000 tons of coal (the standard tonnage of eoal having a
calorific value of 7000 kecal per kg). The figure given above --
the total amount of solar energy coming to the Earth's surface —--

amounts to more than 10,000 times this number.

Let us now take our leave of these highly encouraging

figures and take a look at the discouraging figures. They have to

do with the density of solar energy. It 1s often said that the
energy of sunlight amounts to about!l kW per me. Hearing this,
one would think that quite a lot of energy comes from the Siun.

However, one must not forget that this figure applies tousa plane
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Nevertheless, the transition between the oldaand the new 1s
the rule everywhere in the world, and T have no reason for
melancholy over this. The world expects great things of solar
energy. However, what is the current situation 1n solar energy
research? Will it actually be possible for solar energy to meet
the world's expectations and to become the savior of mankind in
the energy crisis?

When such thoughts arise in cone's breast, the largersis the
conference, the more it seems to look like a sort of festival.
The bright sun shining brilliantly outside the conference hall
even began to look somehoww pitilable. The most memorable Iimpres-
slons I retained from this conference were the following. First,
the slogan "Switch on the sun" was written in English in thick
letters on the bag of a young participant, evidently an America.
Second, I remember the words . reportedly spoken by the American
englneer, Mr. Hotted, a famous researcher of long standing, to a
Japanese participant. He said: "Utilization of solar energy is
still at the stage of mere talk."

Difficulties of Utilizing Solar Energy

Especially tod&y, when there is heightened interest in the
utilization of sclar energy, I think i1t is necessary for the
general publlec to realize how difficult 1t 1s to utilize solar
energy. In this way it will be possible to minimize mlsdirected
or facile discussion.

The difficulties of utilizing solar energy are essential dif-
ficulties coming from the propertiles of solar energy itself. I
classify them in terms of the followlng three items [4]: (1)
high dilution, (2) intermittent nature, and (3) high entropy.

In the followlng, let us describe each of these 1in some detail.



would like to make efforts hoping to be able tc hold a conference
in Japan, at least in 1979.

At any rate, 1t 1s certain that the Parls conference was the
biggest international conference on solar energy ever held thus far.
Public interest was higher than ever before, and it was re-
ported in the newspapers and elsewhere. No doubt, this 1s because
the end has come in sight for fossll fuels and because new appre-
clation has come to be given to solar energy as a "clean" energy
which will not cause environmental pollution.

For the writer, who has been continuing research in this
area, although on a very modest scale, for more than 20 years, 1t -
is truly gratifying that so many people should be Interested in
solar energy and that such a magnificent conference should be held

about it. Some 15 years ago, in my book Taiyo enerugii [Solar

Energyl [3], I introduced the foreign and domestic research whichh
had been done at that time and attempted to arouse general in-
terest in the subject. At that time, however, most people were
more interested in the utilization of nuclear energy, and the
reponse evoked was not a very large one. Now one may say that

the situation has changed completely.

However, my mood was not a very cheerful one during the Paris
conference. Probably this was partly because there were very flew
epoch-making papers, as I mentloned before. Partly thls was’' also
because the ploneers, who have been continuing thelr research in
this field for many years, have gradually been disappearing.
Professor Daniels of the United States, who was unlversally
respected by solar men all over the world, 1s no longer, and one
cannot see his slight boedy or hils gentle smlle. Madame Telkes,
the Hungarian-~born American, also did not come to this conference.
I.. was extremely sad at hearing that Dr. Khanna of Indila, who was
my closest friend, died shortly after the Melbourne conference.



8 km, and the power generated by them would be transmitted to
the earth by masers. Since the project had already been widely
advertised in newspapers and periodicals [1], there were few
questions, and the report seemed to have little impact. On the
contrary, more iInterest apparently was aroused by a plan belng
conslidered by Sovliet scholars for using solar batteries to
generate electricity. Thelr 1dea is to use numerous solar
batteries on thecEarth to generate power on the scale of several
hundred to several thousand kilowatts. Since thils was the first
time that we had heard of this project, it aroused considerable
interest. In particular, the use of lenses to condense the sun-
light 6-10 times before admitting it to the solar batteries was
close to the idea which I had announced 12 years before at the
Rome international conference (sponsored by the United Nations)
on new forms of energy (solar energy, geothermal energy, wind
power) [2], and it was an idea of which I could heartily approve.

Actually, thils was the first time that I had gttended such a
conference for 12 years, sinece the Rome conference. However,
internaticnal conferences on solar energy have been hédd almost
annually somewhere 1n the world ever slnce the conference held
in 1955 in Arizona, U.S.A. The year before last, a conference
was held in Melbourne, Australla, and one was held last year in:
Washington, U.S.A. I understand (according to Mr. Tetsuo Noguchil
of the Government Industrial Research Institute, Nagoya) that at
the ISES convention, which was held concurrently with part of this
Paris conference, it was proposed that the conferences should be
held every other year, since annual conferences are too frequent.
Thus, a tentative proposal was made to hold one in the United
States 1n 1975 and another one in Indila 1n 1977. Since a con-
ference has never been held 1in Jlapan thus far, there apparently
were many forelgn researchers who desired to hold a conference in
Japan once. The present situation in this country 1s somewhat
embarrassing for us Japanese solar energy researchers, and we



The reports presented at the conference were reprinted ex-
actly by offset and coples were distributed to the participants.
However, the printing for the section on photoelectric effects
was not in time, and we were informed that the reprints would be
sent to the participants in the autumn. At the present t{ime
there are no plans topublish separately a collection of the papers
presented at the conference.

The 1list of participants which we were given at the conference
showed the number of participants from each country (excluding
their companions). The local participants from France were, in-
deed, the most numerocus, amounting to 252 persons, or about
ocne-third of the total number. The next most numerous delegation
was from the United States, with 83 persons. The United States
always sends large numbers of delegates to conferences of this
type, but there were especially many Americans at this particular
conference, probably because 1t had been decided, iIn line with the
Nixon Message, to make a full-fledged effort to take up solar
energy research. The other countries were England, with 34 par-
ticipants, Germany, with 30, Italy, with 18, and Belgium, with
15. It may be only natural that large numbers should be coming
from the adjacent countries. Japan, Switzerland, and Canada each
sent 14, and 13 came from Australis. I wlll omit the numbers
from the other countries, although the total number of participants
from the developing countries in Africa amounted to a consdderable
number. They all spoke French well and playved gulite an active

role.,

Next, as for the all-important question of the contents,
unfortunately, there was nothlng at this conference which made
a very lasting Impression. A specialist from ESSO made a report
concerning the American NASA (National Aeronautics and Space Zﬁiﬁ
Administration) project for generating 10,000,000 kW of electric
power. This project would lnvolve assembling rows of solar
batteries lengthwise and crosswise in space for distances of



France)., Whlle this contributed to makingithe conference a
fluorishing one, it also apparently complicated the running of the
conference. Since the seminar dealt with a subject which is not
my speclalty, I dld not attend it, and therefore wlll not mention
1t here. Since a conslderable number of persons in the fieillds of
blology and agriculture attended 1t from Japan, no doubt they

will report about the seminar somewhere.

Here let me confine myself tc the conference itself. The
conference was divided up into the following three sections,
each one of which was further subdivided into a number of sub-
sections (the numbers of the subsections are listed below). The
conferences took place simultaneously, using almost all of the
eight or so conference chambers at the UNESCO headquarters.

The sun, energy, and dwellings i 13

Photoelectricaefifécts and their applications 8
The sun and blology

The subsectlions which I attended were mostly those connected with
the first sectlion, "The sun, energy, and dwellings." For this
reason, it was qulte lmpossible to obtaln a grasp of‘the whole.
The original schedule before the conference was to divide it up
into three main sections: "The sun and dwellings," %The sun and
energy," and "The sun and biology." However, it was found that
there were many papers connected with solar batteries, and also
that many of the topics embraced both the dwelling and energy,
such as those dealing with the guestion of heatling. For these
reasons, the organization of the conference was evlidently changed.

The papers delivered at each of the subsectlions were sum=
marized by a reporter and reported. After the report by the
reporter, each author was given several minutes (the length cof
the time was different in the different sections) in which to make

comments and to answer questions.



UTTLIZATION OF SOLAR ENERGY

Isao Oshida,
Department of Sclence and Engineering, Sophla University

About the Paris Conférence

There was a spell of Intense heat in Paris at the beginning
of July. The air-conditioning in the conference hall could not
be sald to be functioning at all well. The attendance of the
conference was probably more than 800 participants, and about
350 papers were presented. The conference might well have been
called a "highly successful" one.

From July 2 to 6 of this year, at the UNESCO headqguarters in
Paris, there was held an international conference concerhingitthe
utilizatlion of solar energy under the titlé€ of "The sun in the ser-
vice of mankind." The conference was jointly sponsored by three
organizations: the International Solar Energy Socilety (ISES),
the Mediterranean Corporation for Solar Energy (Corporation
Méditerranéenne pour l'Energie Solaire, COMPLES), and the French
Assoclation for Study and Development of Applications for Solar
Energy (Assoclation Francalse pour 1*Etude et le Développement
des Applications de 1'Energle Solaire, AFEDES). The conference was
hacked up by UNESCO and recédved flnancial assistance from about
10 other organizations.

In parallel with this conference, there was held another
seminar on "Research methods for biometeorologilcal environment of
man" Jointly sponsored by the French 0ffice of Bioclimatological
Studies (Office Francals de Recherches de Bioclimatologie, OFRB)

* Numbers in the margin indlcate pagination 1in the forelgn text.
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